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Abstract 
Traditionally, indoor condition is characterized by the psychrometric chart which is independent of the abilities of an 
air-conditioning unit. In present paper, the cooling and dehumidification abilities of an air-conditioning unit are 
integrated to a capacity chart of a surface air cooler in air conditioning. This new chart shares several parameters such 
as dry-bulb temperature (DB), humidity ratio, relative humidity (RH), specific enthalpy of air and capacity coordinates 
as well as sensible and latent heat load (cooling and dehumidification capacity). The sensible and latent heat loads of 
indoor air, the transient air-conditioning processes and the equilibrium state of indoor air given by a surface air cooler 
in different indoor sensible and latent heat loads are illustrated on the capacity chart of a surface air cooler. Taking a 
six rows JW20-4 type surface air cooler for example to introduce how to obtain the cooling and dehumidification chart 
and how to use the chart. If the required indoor condition DB is 27±1 ºC and RH is 50±5 %, the appropriate operating 
range can be found by using the cooling and dehumidification chart. 
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1. Introduction 
A surface air cooler (SAC) is one of the main equipment in air handling process, which can make air cooled, 
dehumidified or heated by heat exchanging between the air outside and cold/hot water inside. It can be used as a heat 
exchanger in fan-coil units (FCUs) or air handling units (AHUs). Most FCU or AHU manufacturers use rated condition 
parameters as the design parameters. In China, the national code for design of heating ventilation and air conditioning 
[1] recommends the rated condition parameters that the supply water temperature of surface air cooler is 7 ºC, and the 
temperature difference between supply and return water is 5 ºC. In the other Chinese state standard [2], the 
recommended dry bulb temperature of air at a FCU inlet is 27 ºC, the wet bulb temperature 19.5 ºC, entering water 
temperature 7 ºC, temperature difference between supply and return water 5ºC. However, in engineering practice, a 
SAC rarely operates under rated conditions mostly described above due to the change of indoor sensible and latent 
heat load [3]. Wang et al [4] find that the cooling power of the SAC increases with the inlet air temperature rising 
when the flow rates of air and water in the SAC are fixed. FCUs are normally designed with the ratio of sensible to 
latent heat (7:3) at rated states above to keep dehumidification at adverse conditions. As such, it has been speculated 
that energy is wasted in producing abundance of condensate when latent heat load is low while the humidity of the 
indoor air is too low to keep occupants comfortable. Is this speculation right? If the terminal equilibrium state could 
be found after the transient process of air-conditioning from turning on the air-conditioning unit, the above question 
can be solved. 
For the FCU application problems above, we integrate the cooling and dehumidification abilities of the SAC to the 
psychrometric chart, and the most obvious difference between the new chart and the traditional psychrometric chart is 
that the sensible and latent heat capacities of the terminal unit become part and parcel of the psychrometric space. An 
air-conditioning process can now be viewed as a dynamic process in this chart which is governed by the excess sensible 
and latent heat capacities (excess cooling and dehumidification abilities) of the SAC. The air-conditioning process can 
now be traced dynamically, and the final equilibrium state is the intersection of the sensible and latent heat load lines. 
In present paper, a Chinese six rows JW20-4 type SAC is taken for example to introduce how to get the cooling and 
dehumidification capacity chart of SAC and its application. 
2. Methods 
For each SAC, its sensible heat and latent heat capacity curves at different inlet air dry bulb temperature and relative 
humidity can be obtained. Taking a six rows JW20-4 type SAC above for example, air dry bulb temperature is range 
from 22 ºC to 30 ºC with an interval of 1 ºC and air relative humidity is range from 15 % to 85 % with an interval of 
5 % as inlet air parameters. Sensible and latent heat capacity of a JW20-4 SAC could be calculated at different indoor 
air dry bulb temperature and relative humidity [5], then the JW20-4 SAC sensible and latent heat capacity curves can 
be drawn, whose horizontal axis is inlet air relative humidity and vertical axis is sensible or latent heat capacity. Fig. 
1 and Fig. 2 show the JW20-4 SAC sensible and latent heat capacity curves when air mass flow rate is 16000kg·h-1 
and water mass flow rate is 23500kg·h-1 respectively. 
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Fig. 1. Sensible heat capacity of the JW20-4 SAC vs. inlet air DB and RH. 
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Fig. 2. Latent heat capacity of the JW20-4 SAC vs. inlet air DB and RH. 
In Fig. 1, the sensible heat capacity curves which correspond to isotherms are then taken as the temperature 
coordinates which are the same with the latent heat capacity curves in Fig. 2. Fig. 2 can be combined with Fig. 1, both 
the isothermal sensible and latent heat capacity curves can be integrated in one figure which is named cooling and 
dehumidification capacity chart of the JW20-4 SAC. The way of how to obtain the chart will be described below. 
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Fig. 3. Cooling and dehumidification capacity chart of the JW20-4 SAC. 
Firstly, a horizontal line through ordinate parameter, for example 30 kW, is drawn in Fig. 2, and it is equi-latent 
heat curve of 30 kW. The intersection points between the equi-latent heat curve of 30 kW and the isothermal latent 
heat capacity curves have their own inlet air dry bulb temperature and relative humidity. Then each intersection point 
above can be drawn in Fig. 1 according to the inlet air dry bulb temperature and relative humidity. The equi-latent heat 
curve of 30 kW can be got in Fig. 1 through connecting all of the points. Finally, in the same way, different equi-latent 
heat curves can be shown in Fig. 1. If the air dry bulb temperature and relative humidity are known, the specific 
enthalpy and humidity ratio of air can also be obtained through psychrometric chart [6]. According to the previous 
method, the equi-specific enthalpy and equi-humidity ratio curves can also be drawn in Fig. 1. Then the cooling and 
dehumidification capacity chart of the JW20-4 SAC is presented in Fig. 3. Each type of equivalent curves is labeled 
correspondingly in Fig. 3, e.g. label kW means equi-latent heat curve, kJ·kg-1 means equi-specific enthalpy curve and 
kg·kg-1 means equi-humidity ratio curve respectively. Because the usual parameters of the psychrometric chart, such 
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as temperature, humidity ratio, RH, specific enthalpy and the latent and sensible heat capacities of the SAC is part and 
parcel of this chart, this new chart is called cooling and dehumidification capacity chart of the JW20-4 SAC. 
3. Results and discussion 
Cooling and dehumidification capacity chart of the JW20-4 SAC is gained by coordinate transformation with above 
introduction, how to use this new chart and what results can we get from this new chart are more interesting, especially 
the results that intuitively reflect the performance of the air conditioning terminal products and the state of indoor air. 
In the air-conditioning design process, if the fresh air is not considered, the appropriate terminal product such as fan 
coil units can be selected by drawing the changing process of indoor moist air in psychrometric chart when the indoor 
air temperature and humidity, the sensible and latent heat load are determined at rated condition [7]. In practice a 
terminal product always runs under off-design conditions for most of the time due to the variation of the load, so some 
designers will choose middle airflow rate and 20 % excess cooling capacity of rated condition as the design guide [8]. 
If terminal product manufacturers could supply the cooling and dehumidification capacity chart of each product, 
designers can easily find the cooling and dehumidification capability under various indoor air states in the chart and 
select the most appropriate terminal product. 
Here still the cooling and dehumidification capacity chart of the JW20-4 SAC is taken as an example to demonstrate 
its application which is shown in Fig. 4. Assuming indoor air sensible and latent heat load are 74 kW and 45 kW, 
respectively, the equilibrium state of indoor condition will be denoted by point A on the chart, which is the intersection 
of the sensible capacity at 74 kW and the latent capacity at 45 kW of the JW20-4 SAC, and then the indoor air dry 
bulb temperature and relative humidity are 27 ºC and 50 % respectively at point A. So we can get any indoor air state 
(DB and RH) at different indoor air sensible and latent heat loads especially for off-design conditions through the 
cooling and dehumidification capacity chart. On this new chart not only the indoor air parameters such as DB, humidity 
ratio, RH and specific enthalpy but also the cooling and dehumidification capacity can be presented. Any equilibrium 
state at different indoor air sensible and latent heat loads can be found in this chart. The indoor air DB and RH of every 
equilibrium state can be obtained, and then the appropriate terminal units can be selected exactly. 
 
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
50
55
60
65
70
75
80
85
90
Inlet dry bulb tem
perature 
of surface air cooler / Ȼ
A
Dry bulb temperature: 27 Ȼ
Relative humidity: 50 %
Sensible heat capacity: 74 kW
Latent heat capacity: 45 kW
 
 
  60
kJ·kg-1
  50
kJ·kg-1
  40
kJ·kg-1
0.015
kg·kg-1
0.01
kg·kg-1
0.005
kg·kg-1
60 kW50 kW40 kW
30 kW20 kW
10 kW0 kW
30
29
28
27
26
25
24
23
22Se
ns
ib
le
 h
ea
t c
ap
ac
ity
 / 
kW
Relative humidity / %
 
 
 
 
 
 
Fig. 4. Application of the JW20-4 SAC capacity chart. 
We can also analyze the cooling and dehumidification capacity in different indoor equilibrium state. For example, 
point A is set to the rated condition of the JW20-4 SAC, at which indoor air DB, RH, sensible and latent heat load is 
27 ºC, 50 %, 74 kW and 45 kW respectively. When the indoor air conditioning process reaches a steady state, the 
cooling and dehumidification capacity of the JW20-4 SAC are equal to the sensible and latent heat load (74 kW and 
45 kW) of the indoor air. Then the whole capacity 119 kW (cooling capacity plus dehumidification capacity) is set to 
100 % output as comparison baseline. Then the ratio of indoor air sensible heat load and latent heat load to the JW20-
4 SAC baseline capacity is 62% and 38%, respectively. If the whole indoor air heat load (sensible heat load plus latent 
heat load) reduces to 90 % of the rated condition baseline, the cooling and dehumidification capacity of the JW20-4 
2018   Xu Song et al. /  Procedia Engineering  121 ( 2015 )  2014 – 2020 
SAC will make adjustments accordingly. If the ratio of indoor air sensible heat load to the JW20-4 SAC baseline 
capacity is 52 % (the indoor air sensible heat load is 62 kW), and the ratio of indoor air latent heat load to the JW20-
4 SAC baseline capacity is 38 % (the indoor air latent heat load is 45 kW), which means that the indoor air sensible 
heat load reduces but the latent heat load is unchanged, then the new equilibrium state of indoor condition is denoted 
by point B on the chart showed in Fig. 5. The indoor air dry bulb temperature and relative humidity are 23.5 ºC and 
61 % respectively at point B, which is the intersection of the cooling capacity at 62 kW and the dehumidification 
capacity at 45 kW of the JW20-4 SAC.  
Through comparison and analysis, the result shows that when the indoor air condition changes, the cooling and 
dehumidification capacity of the JW20-4 SAC will adapt to the change and indoor air adjust to a new equilibrium state. 
Since the indoor air sensible heat load decreases, indoor temperature must reduce to 23.5 ºC in order to keep the indoor 
air humidity suitable, but the indoor condition is uncomfortable for the human. 
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Fig. 5. Contrastive analysis on cooling and dehumidification abilities of the JW20-4 SAC. 
Any equilibrium state point on the cooling and dehumidification chart of the JW20-4 SAC at different indoor air 
sensible and latent heat loads can be found. The following Table 1 illustrates equilibrium states of the JW20-4 SAC at 
various indoor air sensible and latent heat loads. In Table 1, various indoor air DB and RH according with indoor air 
sensible and latent heat loads accounting for different proportion of the JW20-4 SAC baseline capacity (100 % output 
at rated condition) can be easily obtained. If the required indoor condition DB is 27±1 ºC and RH is 50±5 %, the 
highlighted states are more appropriate operating range for the JW20-4 SAC in Table 1. 
Table 1. Parameters of indoor air corresponding to the JW20-4 SAC against different ratios of indoor air sensible and latent heat loads. 
Latent heat load/% 10 20 38 50 
Sensible heat load/% 
55 
DB23.6 DB24 DB24.3 DB24.7 
RH41 RH48 RH56 RH65 
60 
DB25.2 DB25.3 DB25.9 DB26.1 
RH38 RH44 RH53 RH59 
62 
DB26.4 DB26.5 DB27 DB27.4 
RH36 RH42 RH50 RH55 
65 
DB27.1 DB27.4 DB27.9 DB28.2 
RH35 RH40 RH48 RH53 
70 
DB28.8 DB29 DB29.5 DB29.8 
RH33 RH37 RH44 RH49 
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Note: DB, dry bulb temperature, ºC; RH, relative humidity, %; The comparison baseline is the whole capacity 119kW at rated condition. 
 
Traditionally, a fan coil unit is designed to have a three row coil with the ratio of sensible to latent heat (7:3) at inlet 
water temperature of 7 ºC. Apparently, this is too old and authoritative paradigm that no one dared to challenge for 
fear of insufficient dehumidification. How well can this aged old coil handle dehumidification under different sensible 
and latent heat loads? Traditional static theory of air-conditioning which only deals with stable states cannot solve this 
problem. With cooling and dehumidification capacity chart, we can now trace the whole transient process of air-
conditioning as well as determine the terminal equilibrium state, namely the intersection of the sensible and latent heat 
loads. So engineers will easily find the most appropriate operating condition for any fan coil unit if they have the 
cooling and dehumidification capacity chart of every type of fan coil units. And the most appropriate fan coil unit for 
different air conditioning systems will be selected rather than selecting by experience. 
Furthermore, the sensible and latent heat capacities of two or more SACs can be represented on the same RH and 
sensible heat coordinate axes, and then so are their capacity spaces. These capacity spaces of various SACs share not 
only the same X and Y axes, but also the same sensible heat load line. So the capacity spaces can be used to compare 
different types of SACs in one cooling and dehumidification capacity chart and determine which SAC is more 
appropriate. 
4. Conclusions 
In present paper, firstly the sensible heat and latent heat capacity curves of a 6 rows JW20-4 SAC at different inlet 
air dry bulb temperature and relative humidity is obtained by theoretical calculations. Then cooling and 
dehumidification capacity chart of the JW20-4 SAC combined with the traditional psychrometric chart is drawn by 
coordinate conversion. This new chart can intuitively display not only the capacity of the JW20-4 SAC but also the 
state of indoor air. This chart can be used to choose the appropriate air conditioning terminal products more easily and 
accurately. Through this study, the following conclusions can be obtained: 
(1) The principle of dynamic equilibrium: for every SAC, corresponding to every sensible and latent heat load of 
indoor air, the equilibrium state of indoor condition is given by the intersection of the sensible and latent heat load 
lines. 
(2) With difference from traditional psychrometric chart, the cooling and dehumidification capacity chart combines 
state of indoor air and the capability of the air conditioning terminal products, and each terminal product has only one 
special cooling and dehumidification capacity chart. 
(3) Designers can easily find the state of indoor air at different indoor air sensible heat load and latent heat load on 
the cooling and dehumidification capacity chart; On the other hand, they also can quickly get the capability of the air 
conditioning terminal products at different state of indoor air. 
(4) These capacity spaces of various SACs share not only the same X and Y axes, also the same sensible heat load 
line. So different types of SAC can be compared in one cooling and dehumidification capacity chart and to determine 
which SAC is more appropriate. 
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